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Descripti n 

BACKGROUND OF THE INVENTION 
s Field of the Invention 



This invention relates to a titanium alloy excellent in weldability or joinability as a material for various titanium alloy " " "' 
members such as a pipe or so used in industrial fields of aerospace, chemistry, oil well drilling and the like, and further . 
relates to a method for producing the titanium alloy members such as the titanium alloy pipe and a joined tubular bodv 
io made of the titanium alloy. 

Description of the Prior Art 

Generally, a titanium alloy is superior in strength per unit mass and excellent in corrosion resistance and the like 
is therefore it has been used widely in industrial fields of aerospace, chemistry, oil well drilling and so on 

The titanium alloy or titanium alloy member is joined through various joining methods such as TIG welding ftun- 
gusten inert gas arc welding), MIG welding (metal inert gas arc welding), friction welding, electron. beam welding" laser 
beam welding, diffusion welding, brazing and^thelike. . - a. «"» 

In any joining methods, however, the titanium alloy base metal adjacent to the joined zone Granges ite^^^ 
20 deterges ,n,temec*an^ and His difficult to ensurejS . 

strength equivalent to the strength of the base metal in most cases. Accordingly, there has been a problem in that devel- " 
opment of a Wan.um alloy of which quality is not deteriorated so remarkably by the thermal effect at the time of the join- 
ing is earnestly cried for. ,.z. ^n 



25 



30 



On the other hand, m order to further make the most use of the excellent characteristics of the titanium alloy in the 
aforementioned industrial fields, it is dispensable to manufacture titanium alloy pipes from the titanium alloy. However 
as conventional techniques for manufacturing the titanium alloy pipes, a few methods have been merely put to practical 
use. such as a method of bending the titanium alloy formed in a thin sheet into an O-like shape through a U-like shape 
andjoining a seam of the titanium alloy sheet bent in the O-like shape, and a method of forming the titanium alloy pipe 
directly by cutting a titanium alloy block through machining. 

•^TT* in a ,^f . « the Welded which is ^"fectured by joining the seam of the titanium alloy sheet sub- 
jected to the so-called U-O bending, there is a problem in that it is difficult to manufacture the pipe with a thick wall since 
there is a limit in forming of the titanium alloy sheet. 

Further, there is another problem in a case of the titanium alloy pipe by machine cutting in that cost of the Dine 
increases because the yield rate of the titanium alloy material and the production efficiency are remarkably low though 
35 there is large room for selecting shapes and sizes. ...,„..„. . .. 

Furthermore, it is also indispensable to join the titanium alloy pipes with each other in order.to useKtitenium alloy 
pipes as structural members. In the case of joining the titanium alloy pipes with large diameters and thick walls through 
Z e J W ^ 90T ^ K takSS conUar **y much *™ for the welding. Besides, it becomes difficult to ensure the quality 
of the welded joint especially in the joining at the job site, accordingly there is another problem in that it is restricted to 
apply the titanium alloy pipes to large-sized structures required for the joining at the job site indispensably. 

SUMMARY OF THE INVENTION 

This invention has been made in view of the aforementioned problems of the prior art. it is an object to provide a 
titanium alloy excellent in the joinability of which quality is not deteriorated so remarkably owing to the thermal effect in 
the joining. 

It is another object of the invention to provide a titanium alloy pipe which is excellent in surface quality and flattening 

L^f^ * 9S n0t waste dies 80 much and is P 0 **™* to be especially applied to the large-sized structures and a 
method for producing such the titanium alloy pipe. 

. Furt ^ e j _ r ™' e - * e otner obi** of invention is to provide a joined tubular body and a method for producing such 
the joined tubular body which are possible to improve the quality of the welded joint even in the joining at tHe job site 
and possible to be applied especially to the large-sized structures. 

That is. the titanium alloy according to this invention is characterized by consisting essentially by weight percentage 

; 1* 40181 Sum * at least one element selected from 0 01 to 10 % of S. 0.01 to 10 % of Se and 0 01 

to 10 A> of Te. not more than 10 % in total sum of one or both of 0.01 to 10 % of REM and 0.01 to 10 % of Ca and the 
rema»ider being substantially Ti. The titanium alloy according to this invention may be further contained with not more 
than 30 £ in total sum of at least one element selected from not more than 10 % of A), not more than 25 % of V. not 

?)?L e ^ 15 % 61 Sn> n0t m0re than 10 % * 001 not more *»" 10 % of Cu - not more than 15 % of Ta, not more than 
10 % of Mn, not more than 10 % of Hf, not more than 10 % of W, not more than 0.5 % of Si, not more than 20 % of Nb 
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/ 

? of REM n 'i 0 to 1? % oT Ca. and the remainder being substantially T,. The titanium ahoy p,pe according to th.s 

-Srmi^ 

tonTii2i"ableto extrude the titanium alloy materia, at a temperature not lower than 900 'C and not h,gher than 1150 
°r oref^r^blv usina a vitreous lubricant when occasion demands. aii™ 

^MUdL l>ody aceorting to the olh» aspect 01 this invention is charactered by 
p^^iTeWm 3 or claim 4 «■» « other, or by ioining the titanium alley ppe accordrng to M 3 and ft. 

^J?2££nS?o? * Sn^l'rXaccordin,, to this irwentfcn, the pipes ma, be seamless. In an*s- 
"ISd, aocoS to** inventa, th. mo (t/D) of «*ness («) * «u.ar diameter (D) 

^"Tn elS^of the method for producing a joined tubular body according to this invention, the joint metal and 
the ITS Z£ ^rrn^ a tiiiokn'ess of not less than 1 urn and not more than 100 nm. and may consist essen- 
*n£rf -n \S and NiwMh the proviso that Ti and Zr are not less than 20 wt% respectively, the total sum of Ti and Zr 

« th ^.n?h?oierembodimemsofthemethodforprodudngajoined^ 

a..oy pSs can bleated at the temperature (T) through high-frequency induction heatng ,n a 

£. 200 kH?Jreferab. y in a vacuum or inert gas in which oxygen content and nrtrogen content are not h,gher than 0.01 

% *£^££E embodiments of the method for producing a joined tubular body according to this invention, the 

^^SS^!^1^^^^ the jointfaces of the titanium a..oy pipes, a temperature measunng 

at the joint faces of the pipes, a pressing ^^J^S^^S 
faces of the pipes, a pressure measuring means for measuring the pressure apphed on the jnnt faces of the p.pes and 
a control means for controlling the r spective means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS.1 A to 1E are schematic illustrations showing arrangement of the joint metal, joint layer and joint member for 
joining the titanium alloy pipes in examples of this invention; 
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FIGS.2A to 2D are schematic illustrations showing arrangement of the joint metal, joint layer and joint member for 
joining the titanium alloy pipes by inclining joint feces of the pipes in the other exarrples of this invention; and { 
FIG.3 is a schematic illustration showing an example of the joining apparatus to be used in examples of this inven- 
tion. _ 

DETAILED DESCRIPTION OF THE INVENTION -T / 

In the titanium alloy and the titanium alloy pipe according to this invention, which have the chemical composition as 
described above, sulfides and inclusions in the titanium alloy containing S finely disperse in granular forms by adding 
REM (rare earth metals) into the titanium or titanium alloy and nuclei of grain growth disperse widely in the titanium 
alloy. Whereby coarsening of crystal grain at a high-temperature region higher than a-p transition temperature is sup- 
pressed and coarsening of crystal grain in the base metal of the titanium alloy caused by thermal effect in joining is 
inhibited. Accordingly, mechanical property at the joined zone of the titanium alloy is prevented from the deterioration 
caused by the thermal effect at the time of joining the titanium alloy. 

Even in cases of applying high upset pressure on the base metal such as a case of the friction welding, plastic 
deformability in the vicinity of joined zone is maintained by the inhibition of the coarsening of crystal grain, therefore 
defects such as cracks in the joined zone become hard to generate and the performance of the welded joint is improved. 

Furthermore, generally in a case of prcducing'the titanium-alloy pipe by hot-extruding the titanium alloy material, 
though deformation resistance decreases and the manufacturing becomes easy by extruding the material at a temper^ 
ature region of p-phase, the toughness and ductility of the titanium alloy is degraded by the coarsening of crystal grain?" 
However, the addition of REM into the titanium alloy is very effective to inhibit the coarsening of crystal grain at the tem- 
perature region higher than a-p transition temperature as mentioned above, accordingly, the titanium alloy material con- 
taining REM and S is extruded easily without degradation of the toughness and ductility. 

Additionally, the sulfides and inclusions dispersed finely and uniformly work effectively for preventing oxidation of 
the titanium alloy at the time of hot-extruding, and are rich in affinity with vitreous materials used for lubrication and 
effective to suppress separation of the lubricant during hot-extruding. Accordingly, surface of the titanium alley pipe 
becomes fine and the extruding die is reduced in its abrasion and damage. 

The aforementioned effects of REM and S are similarly confirmed also in Ca as well as REM and in Se Te as well 
asS. 

The reason why the chemical composition (weight percentage) of the titanium alloy or titanium alloy pipe according 
to this invention is limited will be described below together with functions of the respective elements. 

S, Se and Te 

35 Each of S, Se and Te forms inclusions in the titanium alloy by being contained not less than 0.01 respectively 
and acts as nuclei of grain growth at the time of a-p transformation, thereby preventing the crystal grains from the coars- 
ening. However, they deteriorate deformability of the alloy at a high-temperature region remarkably and degrades the . 
extruding workability when they are contained excessively. Therefore, the upper limits of these elements are defined as 
1 0 % respectively, and the upper limit of the total sum of these elements is also defined as 1 0 % in a case of combina- 

40 tional addition. 

REM and Ca 
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In this invention, REM means Sc, Y and lanthanoid series (Atomic No.57 ~ 71). These rare earth metals corrtoine 
with S, Se and Te to form stable compounds, and have a function to inhibit the coarsening of crystal grain in heat 
affected zone at the time of joining or the coarsening of crystal grain at the time of extruding the titanium alloy material 
into a tubular shape by dispersing the compounds as granular inclusions. Such the function of REM is obtained by con- 
taining not less than 1 0 % of any one or more of REM, however the upper limit of REM is defined as 1 0 % since strength 
and corrosion resistance of the titanium alloy or the titanium alloy pipe are deteriorated by containing them excessively. 

Ca also combines with S, Se and Te to form stable compounds and has a function to inhtoit the coarsening of crys- 
tal gram similarly to REM, accordingly the lower limit of Ca is defined as 0.01 %. However if Ca is contained excessively, 
the strength and the corrosion resistance are deteriorated similarly to the case of REM, therefore the upper limit of Ca 
and the upper limit of the total sum of Ca and REM are defined as 1 0 %, respectively. 

55 Al, V, Sn, Co, Cu, Ta, Mn, Hf, W. Si, Nb, Zr, Mo and O 

All of these elements are useful for improving the strength of the titanium alloy or the titanium alloy pipe. Al, Sn, Co, 
Cu, Ta, Mn, Hf t W, Si and Nb among these elements improve the strength of the titanium alley or the titanium alloy pipe 
by forming compounds with Ti, however excessive addition of above-mentioned elements damage the plastic deform- 
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are defined as upper limits of the respective elements. . 
not more than 30 %. 

Ratio (t/D) of thickness (t) to outer diameter (D) of pipe 

industrially^- ' ; ^ ' : . 

Extruding temperature 

of the die and deterioration of surface qua rty of a ™ *J ^ J^toimerature is high it becomes impossible 

°c. 
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EXAMPLES ; - 

Examples 1 -40 

Soi base metals. Obtained results are also shown in Tables 4 to 10 collectively. 

Table 1 



45 



SO 



Welding condition of TIG welding 


Filler metal 


The same composition as 
respective titanium alloy base 
: metal (1 .6 mm in diameter) 


Welding current 


150 A 


Shielding gas 


Ar 


Flow rate of shielding 
gas 


30^ /min 
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Table 2 



10 



15 



20 



25 



Condition of friction welding - 


Rotational frequency of main shaft 


3000 r.p.jn 


Frictional pressure 


150 MPa 


Friction time 


10 sec 


Upset pressure 


200 Mpa 


Upset time 


5 sec 


~ - Table3 



" Condition of diffusion-welding - 


Joining temperature 


800 °C 


Holding time 


7.2 ksec 


Welding pressure 


3 MPa 


Degree of vacuum 


1x10- 6 Torr 
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Table 4. 
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Bo. 


1 


2. 


3 


M 

*k 




6 


Distinction 


Comparative 
Example 


Comparative 
Example 


Inventive 
Example 


Inventive 
Example 




A U T WAV ^7 

Example 




S 


0.005 


0.10 


0.01 


n i 


1 


5 




HEM 


10 




0.01 


o 


5 


10 




Se 














Chemical 


Te 














Composition 


Ca 


— 














Al 


— 








ft 
0 


5 


V 


— 








4 




Sn 


— 


— ■ . 


*rr. - . - - . . 








Co 


— 


T-T. - 


— 






, 


Cu 


— 


— 


— 


— 






Ta 


— 


— 


— 








Mn 














Hf 


— 


— 


— ' 


— 


— 


— 


W 














Si 


— 


— 


— 


— 


— 


— 


Nb 














Zr 


— 




— 


— 




— 


Ho 




— 






— 




0 














Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Joining Met! 


lod 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


Joint Strength 
Ratio 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture in 
Bending Test Pieo 


Fused line 

e 


Fused line 


No Fracture 


No Fracture 


Ho Fracture 


No Fracture 


Evaluation 


A 


- A 


O 




o_ 


O 
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Table 5 



5 



30 



35 



Ho. 


7 


g 


Q 


in 


11 
11 


12 


Distinction 


III TOM 1^ W 

Exanple 


fVitniirftt i vr 

< w\ n in 1 KM. TV 

Exanple 


Exanple 


Inventive 
isxanpie 


Inventive 
Exanple 


Inventive 
Exanple 




S 






U.UU3 


0.10 


0.01 


0.01 




REM 


10 


15 


0.006 


2 


0.01 


0.01 




Se 






0.005 


0.005 


0.01 


0.01 


Chemical 


Te 






_ 


0.005 


— 


0.01 


Composition 


Ca 








0.005 


— 


— 


(HtS) 


Al 


6 


6 


— 


— 


— 


— 




V 


4 


4 


— 


— 




— 




Sn 


— 







,j — 








Co 






— 






, — 




Cu 




_ 




— 


— 


- — 




Ta 










— 


— 




Mn 
















Hf 


— 


— 


— 


— 


— 


— 




W 
















^Si 


— 




— 


— 




— 




Nb 
















Zr 








— ■ 


— 


— * 




Mo 




— 


— 










0 












— 




Ti 


Bal. 


Bal. 


Hal 
Dal . 


nai . 


Bal. 


Bal. 


Joining Method 


TIG Welding 


Friction 
Welding 


TIG Welding 


TIG Welding 


TIG Welding 

i 


TIG Welding 


Joint Strength 
Ratio 


1.0 


0.8 


1.0 


1.0 


1.0 


'1.0 


Location of 
Fracture in 
Bending Test Piece 


Ho Fracture 


Joint Face 


Fused line 


Ho Fracture 


Ho Fracture 


Ho Fracture 


Evaluation 


O 


X 


A 


O 


O 


o 
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Distinction 



Chemical 

Composition 

(wt*) 



REM 



Se 



Te 
Ca 



Al 



Sn 



Co 
Cu 



Ta 



Ma 



Hf 



Si 



Zr 



Mo 



Ti 



Table 6 



13 



Iiiventive 



14 



0.1 



0.01 



0.01 



Inventive^ 
Example 



2 



0.1 



0.01 



15 



. Inventive 
Example 



Bal. 



Joining Methods ; >TIG Welding 

i i 



Joint Strengrth 

i 

Ratio 



1.0 



Location of 
Fracture in 
Bending Test Pie 



No Fracture 



Bal. 



TIG Welding 



1.0 



Mo Fracture 



16 



Inventive 



Comparative 
Exanple 



3 
10 



Bal. 



Friction 
Welding 



X.O 



No Fracture 



Bal. 



Friction 
Welding 

1.0 



17 



Comparative 



10 



10 

5 



Bal. 



No Fracture 



Friction 
Welding 
0.9 



Joint Face 



18 



Bal. 



Friction 
Welding 

0.8 



Joint Face 
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Table 7 - - 



5 


Kb. 


19 


20 


21 


22 


23 ~ 


24 




Distinction 




Comparative 
Example 


Comparative 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 






S 


0,005 


0.005 


0.01 


0.1 


1 


2 


10 




REM 


0.005 


0.005 


0.01 


1 


2 


5 






Se 




0.005 


0.01 




2 


4 




Chemical 


Te 




U.UU5 




1 




1 




Coaposition 


Ca 




0.005 




2 


4 


3 


15 


(wtfc) 


AI 


6 


6 


4 


10 


G 


8 






V 


6 


6 . 


22 


20 




1 






Sn 


2 


2 




T, 


2 ~ 


— 






Co 


* 


— 


— 


— . 


— 




20 




Cu 


— 


— 


— 


— 


— 


— 






Ta 


— 


— 


— 


— 


— 


— 






Mn 












6 






Hf 


— 


— 




— 




3 


25 




H 


— 


— 


— 


— 


— 


7 






Si 


■ 






— 


— 


0.2 






Nb 












4 






Zr 


— 


— 


— 




4 


5 


30 




Ho 










2 


1 






0 


















Ti 


Bal. 


Bal. 


Bal. 


Bal . 


•Bal. 


Bal . 


35 


Joining Method 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


,TIG Welding 


TIG Welding 




Joint Strength 


1.0 


1.0 


1.0 


1.0 


1.0 


71.0 ~ 




Ratio 
















40 


Location of 
Fracture in 




Fused line 


Fused line 


No Fracture 


No Fracture 


No Fracture 


No Fracture 




Bending Test Piece 
















Evaluation 


A 




O 


O 


O 


O 
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50 
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Table 9 



5 


Ho. 


31 


32 


33 


34 


35 


r 36 




Distinction 




Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Comparative 
Example 


Comparative 
Example 


Comparative 
Example 






S 


2 


2 


2 


1 


1 


1 


10 




REM 


5 


5 


5 


3 


3 


3 






Se 


1 


— 


— 


. 1 


3 


0.1 




Chemical 


Te 


1 


— 


2 


1 


— 


— 




Composition 


Ca 


— 


3 


1 


1 


— 


3 


15 


(*t*) 


Al 


— 


— 


— 


20 


— 


— 






V . 




- — 






30 "~ 1 


— 






Sn 












20 






Co 








15 * 


. — 


, — 


20 




Cu 










— 


15 






Ta 




~ — 






— 


— 






Mn 


_ 




— 


— 


— 


— 






Hf 


10 




— 


— 




— 


25 




H 


10 


— 


— 


— 


— 


— 






Si 


0.5 


— 


— 


— 




— 






fib 




20 














Zr 


— 


10 


— 


— ' 


— 


— 


30 




Mo 


— 


— 


15 


* — ■ 


— _ 


— 






0 






, — 




2 


— 






Ti 


rial . 


Bal . 


Bal. 


Bal. — 


. Bal . 


Bal. 


35 


Joining Method 


Friction 


Friction 


Friction 


Friction 


F|riction 


Friction 






Welding 


Holding 


Melding 


Holding 


Holding 


Holding 




Joint Strength 


1.0 


1.0 


1.0 


1.0 


1.0 


. 1.0 




Ratio 
















40 


Location of 
Fracture in 




No Fracture 


No Fracture 


No Fracture 


Joint Face 


Joint Face 


Joint Face 




Bending Test Piece 
















Evaluation 


O 


O 


O 


A 


A 


A 
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30 



35 



40 



45 



Table 10 



No. 



Distinction.. 



Chemical 
Composi- 
tion (wt%) 



— 1 . , 



REM 



Se 



Te 



Ca 



Al 



Sn 



Co 



Cu 



Ta 



Mn 



Hf 



W 



Si 



Nb 



Zr 



Mo 



Ti 



Joining Method 



Joint Strength Ratio 



Location of Fracture 
_in _ Bending Test 
Piece 



Evaluation 



37 



Compara- 
tive Exam- 
ple, . . 



20 



15 



Bal. 



Friction 
Welding 



1.0 



Joint Face 



38 



39 



Compara- 
tive Exam- 
ple 



Compara- 
tive Exam- 
ple 



Bal. 



5 



23 



12 



Bal. 



40 

Compara- 
tive Exam- 
ple 



Friction 
Welding 



Friction 
Welding 



1.0 



1.0 



20 



Bal. 



Friction 
Welding 



Joint Face I Joint Face Joint Face 



so 



55 



• TW v.*„*ohi a in in the inventive example satisfying the chemical composition defined in this inven- 
ing. therefore good results could I >**™* ^ a| fte ^ lines respectively in comparative 
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insufficient in S, Se, Te, REM and Ca content, and the bending test pieces were fractured at the joint faces in compar- 
ative alloys Nos. 34 to 40 which are excessive in Al, V, Sn, Co, Cu, Ta, Mn, Hf, W, Si, Nb, Zr or Mo content. 

Examples 41 4Q 

Titanium alloy blocks (100 mm in diameter) having compositions shown in Table 1 1 and Table 12 were subjected to 
hot-extruding at 1 000 °C using a mandrel with a diameter of 60 mm after coating vitreous lubricants on surfaces of the 
respective blocks, thereby manufacturing respective seamless titanium alloy pipes. 

Subsequently, obtained titanium alloy pipes were subjected to the flattening test specified in JIS respectively and 
productivity of the respective pipes was evaluated in a view of manufacturing efficiency. Furthermore the penetrant 
inspection was carried out on outer and inner surfaces of the respective titanium alloy pipes subjected to the flattening 
test thereby examining the presence of crack. The results are shown together in Tables 1 1 and 12. 



55 
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Table 1 1 





No. 


41 


42 


43 


A A 


tJ 


46 


5 


Distinction . 




. Compara- 
tive Exam- 
pie 


Compara- 
tive Exam- 
ple. 


Inventive 
Example 


Inventive 
Example 


II IVCl III vc 

Example 


Inventive 
Example 






S " 


0.005 


0.10 


0.01 


0.1 


1 


5 


10 K: 


Composi- 


REM 


12 


- 


0.01 


2 


5 


10 




tion (wt%) 


oc 


- - 


- 


- 


- 


- 


- 






Ta 
ie 


- 


- 


- 


- 


- 


- 


15 




Ha 

wo 


- 


- 


- 


- 


- 


- 






r\l 


6 


6 


6 


- 


6 


6 






V 


4 


4 


4 


- . 


4 


4 






on 


_ 


- 




- 


- 


- 


20 




oo 


_ 


- 




- 


- 


- 






uu 


_ 


- 




- 


- 


- 






ia 




- 




- 


- 


- 


25 




Mn 

IVI1 1 


_ 


- 




- 


- 


- 




Ht 


- 


- 




- 


- 


- 






W 


_ 


- 




- 


- 


- 






Si 








_ 


- 


- 


30 




Nb 








_ 




- 






Zr 










_ 


- 






Mo 


* 












35 




0 
















Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 




Manufacture 


g 


Extruding 


TIG Weld- 


Extruding 


Extruding 


Extruding 


Extruding 




Method for Pipe 




ing 










40 


t/D 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 




Manufacturing Effi- 


O 


X 


O 


O 


O 


O 




ciency 


















Flattening 


Test 


X (Cracks) 


X (Weld- 


O 


O 


O 


O 


45 


(Remarks) 






ing 
Cracks) 












Evaluation 


X 


X 


O 


O 


O 


O 



50 
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Table 12 



No. 


47 


to 


AO 


Distinction 


II IV CI I live 

Example 


invcniiyc 

Example 


Comparative . 
Example 


Chemical 

Composition 

(wt%) 


S 


10 


10 


15 


REM 


7 


10 


15 


Se 


- 


_ 


_ 




Te 


_ 


_ 






Ca 


_ 




- 




AJ 


6 


6 


6 




V 


4 


4 


4 - . . 




Sri 







j — : 




Co 


_ 


_ * — - 


- ■ • ■ - 




Cu 


_ 


— : 






Ta 


_ 


_ 






Mn 


_ 


_ 






Hf 


_ 








W 


- 


- 


- 




Si 










Nb 










Zr 


- 


- 






Mo 




■ 


*■ . 




O 










Ti 


BaL 


Bal. 


Bal. 


Manufacturing Method 
for Pipe 


Extruding 


Extruding 


Extruding 


VD 


0.2 


0.2 


0.2 


Manufacturing Effi- 
ciency 


O 


O 


O 


Flattening Test 
(Remarks) 


O 


O 


a (Cracks) 


Evaluation 


O 


O 





As is obvious from the results shown in Tables 1 1 and 12, the titanium alloy pipes Nos. 43 to 48 according to inven- 
tive examples were high in the manufacturing efficiency, and no crack was observed in the flattening test. As compared 
with the above, desirable results could not be obtained in the comparative alloy pipes No. 1 (insufficient in S and REM 
content) and No. 2 (lacking in REM and Ca). Furthermore, in the comparative alloy pipe No 9, which is excessive in S 
and REM content, the deformability was degraded and cracks were generated in the flattening test. 

Examples 50-61 

Similarly to the previous examples, titanium alloy blocks (100 mm in diameter) of 12 kinds having compositions 
shown in Table 13 and Table 14 were subjected to hot-extruding at 1000 °C using a mardrel with 50 mm in diameter 
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after coating vitreous lubricants on surfaces of the respective blocks, thereby manufacturing seamless titanium alloy 

pipes of 12 kinds. , . . , ^ ^ 

Subsequently, obtained seamless pipes were subjected to the flattening test and productivity of the respective 
pipes was evaluated in a; view of manufacturing efficiency. Further, the presence of cracks on outer and inner surfaces 
of the respective pipes wasexamined by carrying outthe penetrant inspection against the pipes after the flattening test. 
The results are shown together in tables 1 3 and 1 f y 

Table 13 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Bo. 


50 


51 


52 


53 


54 


55 


Distinction 


Example 


Comparative 
Example 


Comparative 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 




S 






0.005 





0.01 


0.01 




REM 


— n nns 


0.01 


0.01 


0.01 


0.01 


0.01 




Se 


n~ nn<v- ~ 


0 . 002 — 


0. 002 





— ' 


0.01 


Chemical 


Te - 




0.007 


0.002 


0.01 


0.01 


0.01 


Composition 


Ca 


f\ nnc 


0.01 


0.01 





0.01 


0.01 


(wtX) 


Al 


6 


o 


6 


6 


6 


6 


V 




4 


4 


4 


4 


4 


Sn 








— 


— 


— 


Co 














Cu 











— 




Ta 




• 


— 


— 


— 


— 


Mn 














Hf 














W , 


— 


— 




— 


— 


— 


si ; 














Nb : 


— 


— 


— 


— 


— 




i 














Mo r 














0 














Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


1 Manufacturing 
Method for Pipe 


Extruding 


Extruding 


Extruding 


Extruding 


Extruding 


Extruding 


t/D 


0 .25 


"0.25 


0.25 


0.25 


0.25 


0.25 


1 Manufacturing 
1 Efficiency 


O 


O 


O 


O 


O 


O 


[Flattening Test 
(Eeaarks) 


X 

(Cracks) 


X 

(Cracks) 


X 

(Cracks) 


* O 


O 


O 


Evaluation 


x . 


X 


X 


O 


O 


O 
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Table! 4 



No. 


56 


57 


58 


^59 


60 


■ < - ■ 61 


Distinction 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Comoarative 
Exarrple 


' Cftmnarath/^' 

\J\JI 1 IfJClI ClllVC 

Example 


Chemical 
Composi- 
tion (wt%) 


S 


1 


5 


• 


- 


1 


- 


REM 


3 


4 


8 


- 


5 


- 


Se 


0.1 


- 


5 


10 


- 


5 


Te 


0.5 


2 


5 


- 


10. 


5 


Ca 


2 


3 


2 


10 


8 


15 


Al 


4 


4 


4 


4 


4 


4 


V 


3 : 


3 . 


3 


3. 


. - 3. . _ .. 


.. _ 3 


Sn 


- ■ - - 




--. 


„.-.. ,„ 


, . . _ . 


_ 


Co 




- 


- 


- 


- - .- 


■ - 


Cu 




- 


- 


- 


- 




Ta 




- 


- 


- 


- 


- 


Mn 




- 


- 


- 




_ 


Hf 




- 


- 


- 






W 




- 


- 


- 


- 


- 


Si 














Nb 
















Zr 




- 


- 


- 




- 




Mo 
















O 




- 


- 


- 




—— 




Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. ... 


. JBal. 


Manufacturing 
Method for Pipe 


Extruding 


Extruding 


Extruding 


Extruding . 


Extruding 


. "Extruding 


t/D 


0.25 


0.25 


0.25 


0.25 


0.25 


0.25 


Manufacturing 
Efficiency 


O 


O 


O 


O 


O 


O 


Flattening Test 
(Remarks) 


O 


O 


O 


o 


X (Cracks) 


X (Cracks) 


Evaluation 


O 


O 


O 


o 


X 


X 



As is evident from the results shown in Tables 13 and 14, the manufacturing efficiency was high and no crack was 
observed in the flattening test in the inventive alloy pipes Nos. 53 to 60. As compared with above, in the comparative 
alloy pipes Nos. 11 to 13 which are insufficient in S. Se, Te content and REM, Ca content, cracks were generated 
through the flattening test, conversely in the comparative alloy pipes No. 60 which are excessive in S, Se and Te content 
and in the comparative alloy pipe No. 61 which is excessive in Ca content, cracks were generated in the flattening test. 

Examples 62-78 

Titanium alloy blocks (100 mm in diameter) of 17 kinds having compositions shown in Table 15 to Table 17 were 
subjected to hot-extruding at 1000 °C using a mandrel with 40 mm in diameter after coating vitreous lubricants on sur- 
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test. The results rare shown together in Tables 15 tp_ 17. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Table 15 



No. 



Distinction 



Chemical 
Composi- 
I tion (wt%) 



REM 



Se 



Te 



Ga; 



Al 



Sn 



Co 



Cu 



62 



63 



64 



65 



Ta 



Mn 



Hf 



W 



Si 



Nb-, 



-Zr- 



Mo 



Ti 



Inventive 
Example 



Inventive 
Example 



Inventive 
Example 



Inventive 
Example 



Inventive 
Example 



| Manufacturing 
Method for Pipe 



1 ■— 



10 



22 



20 



25 



6 

"T 



6 

"T 



10 



15 



I t/D 



Manufacturing Effi 
I ciency 



Flattening 
(Remarks) 



Test 



Evaluation 



Bal. 



Bal. 



Bal. 



Bal. 



Bal. 



Inventive 
Example 



Extruding 



0.3 



0.3 



0.3 



0.3 



0.3 



O 



O 



O 



O 



O 



O 



O 

"o" 



O 



o 



o 



o 



o 



o 



o 



. 3 



10 



10 



Bal. 



Extruding Extruding Extroding Extruding Extruding 



0.3 
"5" 



O 



O 
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Table 16 



5 


No. 


bo 


69 


70 


71 


72 


73 




Distinction 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
" Example 


Comparative 
Example 


Comparative 
Examnle 




Chemical 
Composition 


S 


5 


5 


5 


5 


5 


5 


10 


REM 


7 


7 


7 


7 


7 


7 






Se 


2 


2 


2 


2 


2 


2 






Te 


2 


2 


2 


2 


2 


2 






Ca 


2 


2 


2 


2 


2 


2 


15 




Al 








5 


15 








. -V .. . 






■ 




20 








Sn 








2.5 




1*5 


20 




Co 








- - 










Cu 


















Ta 


15 












25 




Mn 


10 














Hf 




10 














W 


- 


10 


- 


- 


- 








Si 




0.5 








- 


30 




Nb 






20 












Zr 


- 


- 


10 




_ 


_ 






Mo 


- 




- 


15 




- 


35 




O 




0-1 












Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


r ! Bai. 




Manufacturing 
Method for Pipe 


Extruding 


Extruding 


Extruding 


Extruding 


Extruding 


- Extruding , 


40 


t/D 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 * ■ 




Manufacturing 
ciency 


Effi- 


O 


O 


O 


O 


O 


O 


45 


Rattening 
(Remarks) 


Test 


O 


O 


O 


o 


X (Cracks) 


X (Cracks) 




Evaluation 


O 


O 


O 


o 


X 


X 
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Table 17 





No. 


74 


75 


76 


77 


78 


5 


Distinction v . : - - r ' ; \ £ . . 


Comparative .-. 
Example 


, .Comparative 
% Example 


Comparative 
Example 


Comparative 
Example 


Comparative 
Example 




Chemical Compo- 


S 


5 


5 


5 


5 


5 




sition (wt%) 


REM 


7 


7 


7 


7 


7 


10 




Se 


2 


2 


2 


2 


2 






Te 


2 


2 


2 


2 


2 






Ca 


2 


2 


2 


2 


2 


15 




Al 


- 


- 


- 


- 


6 




i 


V: c 




- 


- 


• 


4 




i 


Sn 


j- > <\ 


, „.„ „ 






- 


20 


Co 


15 


- 


- 


- 


- 






Cu 




15 


- 


- 


- 






Ta 


20 


- 


- 


- 


- 






Mn 


- 


15 


- 


- 


- 


25 




Hf 




- 


15 


- • 


- 






W 


- 


10 


15 


- 








Si 




0.5 


1 


- 


- 


30 




Nb 


- 


- 


- 


22 


- 




Zr 




- 


- 


13 


- 






Mo 






- 


- 


20 






q 




0.1 








35 




71 

1 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 




Manufacturing Meth< 


Dd for Pipe 


Extruding 


Extruding 


Extruding 


Extruding 


Extruding 




t/D 


0.3 


0.3 


0.3 


0.3 


0.3 


40 


Manufacturing Efficiency 


O 


O 


O 


O 


O 




Flattening Test (Re-marks) 


X (Cracks) 


X (Cracks) 


X (Cracks) 


X (Cracks) 


X (Cracks) 




Evaluation 


X 


X 


X 


X 


X 



As is obvious from the results shown in Tables 15 to 1 7, in the titanium alloy pipes Nos. 62 to 71 according to inven- 
tive examples of this invention, the manufacturing efficiency was high and no crack was observed in the flattening test. 
However, cracks was generated in the flattening test in comparative pipe No. 72 which is excessive in the total sum of 
so Al and V content, in comparative pipe No. 73 which is excessive in the total sum of V and Sn content, in comparative 
pipe No. 74 which is excessive in the total sum of Co and Ta content, in comparative pipe No. 75 which is excessive in 
the total sum of Cu and Mn content, in comparative pipe No. 76 which is excessive in Si content and the total sum of Hf 
and W content, in comparative pipe No. 77 which is excessive in the total sum of Nb and Zr content and in comparative 
pipe No. 78 which is excessive in Mo content. 

55 

Examples 79 ~ 87 

Titanium alloy blocks (100 mm in diameter) of 9 kinds having compositions shown in Table 18 and Table 19 were 
subjected to hot-extruding at a temperature between 880 and 1250 °C using mandrels having various diameters after 
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coating vitreous lubricants on surfaces of the respective blocks, thereby manufacturing seamless alloy pipes having var- 
ious thickness. 

Subsequently, obtained seamless pipes were subjected to the flattening test and productivity of the respective 
pipes was evaluated in a view of manufacturing efficiency. Furthermore; the penetrant inspection was carried out 
5 against outer and inner surfaces of the respective titanium alloy pipes after the flattening test in order to examine the 
presence of crack. The results are shown together in Tables 18 and 19. 



Table 18 



10 


No. 


79 


80 


81 


82 


83 




Distinction 


Compara- 
tive Exam- 
ple 


Compara- 
tive Exam- 
ple 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


15 


Chemical 


S 


U.Ul 


U.U 1 


U.U 1 


p 

c 


\j 




Composition 


-REM . 


U.Ul 


U.Ul 


n m 

U.U I 




7 




- Se 






■■- - 


1 


2 


20 




Te 






- ■ 


■''-"'1 ' 

1 


o 

c 






Ca 








o 


o 
c 






At 


b 


D 


ft 
D 


A 

*T 


w 






V 


A 


A 
** 


A 
** 




4 


25 




Sn 
















Co 
















Cu 












30 




Ta 


- 


- 


• 


■ - 


- 




Mn 


- 




- 


- 


- 






Hf 
















W 


— 






_ 




35 




Si 


- 


- 


. * - - 


- 








Nb 
















Zr 












40 




Mo 
















O 
















Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 




Extruding 


t/D 


0.4 


0.5 


0.4 


0.4 


0.3 


45 




Tempera- 
ture(°C) 


880 


900 


900 


1050 


1100 




Manufacturing Efficiency 


A 


A 


O 


O 


O 


50 


Flattening Test (Remarks) 


X (Cracks) 


a (Small 
Cracks) 


o - 


O 


O 




Evaluation 


X 


X 


O 


O 


O 
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Table 19 



NcT 



84- 



Distinction 



Inventive 
Example 



w 



15 



20 



25 



30 



35 



40 



45 



50 



Chemical 
Composi- 
tion 
(wt%) 



"Extruding 



REM 



10 



Se 



Te 



Ca 



A! 



10 



20 



Sn 



Co 



Cu 



Ta 



Mn 



Hf 



W 



Nb 



Zr 



Mo" 



O 



Ti 



Bal. 



t/D 



0.2 



Tem- 
pera- 
ture(° 
C) 



1100 



Manufacturing Effi- 1 
ciency - 



O 



Flattening 
(Remarks) 



Test 



O 



Evaluation 



O 



85 



86 



87 



Inventive I Compara- Compara- 
focample | tive Exam- 1 tive Exam- 
ple | pie ' 



10 



10 



10 



10 



10 



10 



-20- 



-20 



Bal. 



Bal. 



0.01 



0.01 



1150 



1200 



O 



O 



10 



10 



10 



Bal. 



0.1 



1250 



O 



O 



O 



a (Small | X (Cracks) | 
Cracks) 

X 
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we^S to SrseTaml cracks inclusive of small cracks were generated in the flattens test. 
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Examples 88- 127 

Titanium alloy pipes with outer diameter of 100 mm. inner diameter of 60 mm and wall thickness of 20 mm were 
manufactured through hot-extruding at a temperature of 1000 °C using titanium alloys having compositions shown in 
Table 20 to Table 26, and the titanium alloy pipes were joined through TIG.weWing under the condition shown in Table 
1. friction welding under the condition shown in Table 2, and diffusion welding under the condition shown in Table 3 
respectively. Subsequently, obtained welded joints were subjected to tensile test and bending test, and evaluated by 
comparing with the specific value of the respective titanium alloy base metals The obtained results are shown toqether 
in Tables 20 to 26. ~» 



Table 20 





No. 


88 


89 


90 


91 


92 


93 


75 


Distinction 




Comparative 


Comparative 


Inventive 


Inventive 


Inventive 


Inventive 








Example 


Example 


Example 


Example 


Example 


Example 






S 


0.005 


0.10 


0.01 


0:1 


1 


5 






REM 


10 


— 


0.01 


2 


5 




20 




Se 




— 


— _ 


— . 




— 




Chemical 


Te 


— 


— 


— 


— 




— 




Composition 


Ca 




— 


— 


— 


— 


— 


25 


(wt*) 


AI 






— 


— 


6 


6 






V 








— 


4 


4 






Sn 


— 


— 


— : 












Co 


— 


— 


— 


— 


_ 




30 




Cu 






— 




— 


— 




Ta 


— 






: 










Nn 








— . 










Hf 














35 




W 


















Si 


















tt> 


















Zr 














40 




Mo 


















0 


















Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 




Joining Method 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


45 




















Joint Strength 
Ratio . 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




Location of 
















50 

E 


Fracture in 
tending Test Piece 


Fused line 


Fused line 


No Fracture 


No Fracture 


No Fracture 


No Fracture 




Evaluation 


A 


A 


O 


O 


O 


O 
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Table 21 



5 



10 



25 



30 



35 



40 



N0< -, r -„* 




95 






98 


99 


Distinction ■ 


. Inventive 
Example 


Comparative: 
Example 


Comparative 
Example 


lnvenxive 
Example 


Inventive 
Example 


T nvAnt lvfi 
Example 




S 


10 


15 


0.005 


0.10 


fx f\-t 

0.01 


n m 
u. ux 




REM 


10 


15 


0.006 


2 


0.01 


O. Ul 




So 


— 


— ~~ 


0.006 


0.005 


0.01 


0. Ul 


Chemical 

Conposition 

(wt*)> 


Te 


— 






0.005 




ft fll 


Ca 


— 






0.005 






Al 


6 


6 










y \ 




4 . 




- - j * -" •■ 








Sn 






rr . 








Co ; 














Cu 














Ta 














HQ 














Hf 




— 


— 


— 




— 


H 














Si 


— 


— 


— 


— 


— 


— 


Rb 














Zr 








— 


— 




Mo 






— 






— 


0 














Ti 




Bal . 


Bal. 


Bal. 


Bal. 


Bal. 


Joinins Met* 


lod " 


TIG Welding 

•■ 


Friction 
Holding 


TIG Melding 


TIG Holding 


TIG Welding 


TIG Welding 


Joint Strength ' 
Ratio 


i.o 


0.8 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture in 
Bending Test Piece 


No Fracture 

3 : 


Joint Face 


Fused line 


No Fracture 


Ho Fracture 


No Fracture 


Evaluation 


~ . o V 


x ~- 


A 


O 


o 


O— 7 



50 



55 
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Table 22 



5 



25 



30 



35 



Ho. 


100 


101 


102 


. - 103 


104 


105 


Distinction 




Inventive 


Inventive 


Inventive 


Inventive 


Comparative 


Comparative 






Exaaple 


Exanple 


Example 


.. . Exaaple 


Exaaple 


Exaaple 




S 


0.1 


2 


5 


3 


10 


5 




REM 


2 


5 


7 


10 


10 


— 




Se 


0.01 


0.1 


2 


3 


5 


2 


C&teaical 


Te 


0.01 


— 


3 


4 


— 


5 


Composition 


Ca 


0.01 


3 


3 


. — 


— 


10 


(wt%) 


Al 


— 


— 


6 


6 


6 


6 




V 




. — i 




4 


4 


4 




uU 


— 


■ — . : 


— _ 












Cn 

w 


, 











- r _ 




ViU 





_ 












Ta 










_ 








Mn 


— ■ 

















Hf 


— 


. 














W 


— 


— 














Si 


— 


— 


— 


— 





— 




Hb 


■ — 


— 


— 


— 


— 







Zr 


— 


— 


— 




— 


— 




Mo 


— 


— 


— 


— 


— 






0 


— 


— 


— 


— 




: — 




Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Joining Method 


TIG Welding 


TIG Welding 


Friction 


Friction 


Friction ; 


-Fraction : 










Welding 


Welding 


Welding 


Welding 


Joint Strength 


1.0 


1.0 


1.0 


1.0 


0.9 


0.8 


Ratio 
















Location of 
















Fracture in 




No Fracture 


Do Fracture 


No Fracture 


Ho Fracture 


Joint Face 


Joint Face 


Sending Test Piece 














Evaluation 


O 


O 


O 


O 


X 


X 



45 



50 
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Tabl 23 



5 



10 



IS 



20 



25 



30 



35 



40 



No.; . \ 


infi 


107 


; 108 


109 


110 


111 


Distinction- , 


ooinpaxa x ive 


fVinfiara*tiv© '." 
Example i 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 




S 


U . UUD 


0.005 


0.01 


0.1 


1 


2 




REM 


ft Aft C 

0 .005 


U • UUiJ 


0.01 


1 


2 


5 




Se 




0.005 


n. m 




2 


4 


Chemical 


Te 




0.005 








1 


Composition 


Ca 




0.005 






4 


3 


(wtfc) 

i 
■ 

i 
\ 

i 


Al 


6 


6 


4 


1 ft 
10 


V 




V 


s-6 




22 


Oft 

20 




1 


Sn 


-2 












Co f 


— 


T 










Cu 














Ta 














Hn 












6 


Hf 






— 


— 


— 


3 


W 












7 


Si 




— 


— 


— 


— 


0.2 


Nb 












4 


Zr 




— 


— 




4 


5 


Mo 


— 








2 


1 


0 














Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Joining /Met! 


t|pd j 


TIG .Welding 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


TIG Welding 


Joint Strength 
Ratio 


. 1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture in 
Bending Test Piec 


Fused line 

e 


Fused line 


No Fracture 


Ro Fracture 


No Fracture 


No Fracture 


| Evaluation 


A 


A 


o 


O 


o 


O 



45 



SO 



55 
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Table 24 



5 


No. 


112 


113 


114 




116 


117 




Distinction 




InwsntivR 

PWM __Ull_. 

exanple 


Invent i v© 
Exanple 


mvenxive 
Exanple 


Inventive 
Example 


Inventive 
Exanple 


Inventive 
Exanple 






S 


o 


7 


2 


-1 


2 


2 


10 




REM 


4 


10 


7 


10 


3 


7 






Se 






5 


8 


1 


— 




(Thgffli-tral 


Te 


•r 
f 




3 


0.01 


1 


5 




Composition 


Ca 






2 








15 


(wt*) 


Ai 






7 


4 










V 






4 


25 


— 


~ ~ ' 






Sn 


— : ~ ' 


_ 






- . . 1.5... 








Co 














20 




Cu 


7 




4 






10 






Ta 


10 








15 


~~" 






Mn 






2 






10 






Hf 






1 






— 


25 




W 






5 


— 


— 


— 






Si 




— — _ 


— 


* — . 


— 


— 






Nb 






1 








30 




Zr 




— 


1 


— - 


4 


— 




Mo 


1 n 
10 








2 


— 






0 


0.5 






1 










Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 




35 


Joining Method 


Friction 


Diffusion 


Diffusion 


Friction 


Friction 


Friction 






Welding 


Welding 


Welding 


Welding 


Welding ~Y 


Welding _ 




Joint Strength 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




Ratio 
















40 


Location of 
Fracture in 




No Fracture 


Ho Fracture 


No Fracture 


No Fracture 


No Fracture 


No Fracture 




Sending Test Piece 
















Evaluation 


O 


O 




O . 


O . 


O 



45 



50 
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Table 25 



35 



No. . r; : 


118 


119 


120 


121 


122 


123 


Distinction. 


iiyentiye 
Example 


Inventive 
Example 


Inventive 
Example 


Comparative 
Example 


Comparative 
Example 


Comparative 
Example 




S 


2 


2 


2 


1 


1 


1 




ISM 


5 


5 , 


5 


3 


3 


3 




Se 


1 


• — 


— 


1 


3 


0.1 


Chemical 


Te 


1 


— 


2 


1 


— ■ 


— 


Composition 


Ca 





3 


1 


1 


— 


3 


(HtS) 


Al 


■ - _ 




— 


20 


— 


— 


V 







— 


— 


30 


— 


Sn 


— - 


- 


'■ * - 


— 




20 


Co 









" 15 """ 


• ■ _ 


— 


Cu 


- 









— 


15 


Ta 













— 


Mn 


: . 









— 


— 


Hf 


10 


— 


— 


— 


— 





W 


10 












Si 


0.5 




— 




— 




Hb 




20 




— 




— 


2r 




10 










Mo 


■ — * ■ 




15 


— 




— 


0 










2 




Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Joining Wet 

i 


tot, 


Friction 
Welding 


Friction 
Welding 


Friction 
Welding 


Friction 
Welding 


Friction 
Welding 


rriction 
Welding 


Joint Strength 
Ratio 


x.o 


1.0 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture in 
Betiding Test Piec 


No Fracture 

e 


Ho Fracture 


No Fracture 


Joint Face 


Joint Face 


Joint Face 


Evaluation 


O 


O, 


O 


A 


A 


A 



45 



SO 
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Table 26 



No. 


124 


125 


126 


127 


Distinction 


Compara- 
tive Pva m~ 

pie 


Compara- 

live CAdlll 

pie 


, Compara- 
uve exam- 
ple 


Compara- 
tive Exam- 
ple 


Chemical Com- 
Dosition (wt%) 


S 


3 


3 


3 


3 


REM 


5 


5 


5 


5 




Se 


6 


_ 


2 






Te 




3 


2 


_ 




Ca 




3 


2 


5 




A) 


_ 




_ 






V 


_ 










Sn 


_ 










Co 


_ 










Cu 


_ 










Ta 


20 


_ 








Mn 


15 










Hf 


_ 


15 








W 


- 


15 


- 






Si 






1 






Nb 






23 






Zr 


- 


- 


12 






Mo 


- 


- 


- 


20 




O 












Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Joining Method 


Friction 
Welding 


Friction 
Welding 


Friction 
Welding 


Friction 
Welding 


Joint Strength Ratio 


1.0 


1.0 


1.0 


1.0 


Location of Fracture in Bend- 
ing Test Piece 


Joint Face 


Joint Face 


Joint Face 


Joint Face 


Evaluation 


a 


A 


A 


A 



As shown in Tables 20 to 26, in the inventive example satisfying the chemical composition defined in this invention, 
a joint strength ratio showed high value respectively, and no test piece was fractured in the bending test in all of the join- 
so ing methods of TIG welding, friction welding and diffusion welding, therefore good results could be obtained. 

As compared with above, in comparative alloy pipe No. 88 which is short of S content and comparative alloy pipe 
Np. 89 which is short of REM content, the bending test pieces were fractured from the fusion lines respectively, and the 
joint strength ratio was low and the bending test piece was fractured at the joint face in comparative alloy pipe No. 95 
which is excessive in S and REM content The betiding test piece of comparative alloy pipe No. 96 which is insufficient 
55 in S. Se and REM content was fractured at the fusion line, the joint strength ratios were low and the respective bending 
test pieces were fractured from the joint faces in comparative alloy pipes Nos. 1 04 and 1 05 of which total sum of S, Se 
and Te exceeds 10%, and the bending test pieces were fractured from the fusion lines respectively in comparative alloy 
pipes Nos. 106 and 107 which are insufficient in S, Se, Te, REM and Ca content. Furthermore, in comparative alloy 
pipes Nos. 121 to 127 which are excessive in Al, V, Sn, Co, Cu ( Ta, Mn, Hf. W, Si, Nb, Zr or Mo content, the bending test 
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10 



15 



20 



25 



30 



35 



40 



45 



pieces were fractured from joint faces. 

Fyam ples 128-136 ._„ ; _ ..„..'. 

Titanium alloy pipes having various wall thicknesses were manufactured through hot-extruding at a temperature of 
1 000 «C using titanium alloys having composition $frn in Table 27 and Table 28 with mandrels having various d.am- 
eters and the titanium alloy pipes were joined with each other through TIG welding, friction welding and **^*J?" 
inq under the respective .conditions shown in Tables 1 to 3. Subsequently, obtained welded joints were subjected to 
tensile tent and bending test, and evaluated by comparing with the specific value of the respective trtamum alloy base 
metals. The results are shown together in Tables 27 and 28. 



50 



55 
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Table 27 



5 


Ho. 


128 


129 


130 


131 


132 -r 


133 




Distinction 


Comparative 
Example 


Comparative 
Example 


Inventive 
Exaaple 


Inventive 
Exaaple 


Inventive 
Exaaple 


Inventive 
Exaaple 






S 


0.1 


0.2 


0.01 


0.1 


2 


5 


10 




BEM 


— 


1.0 


0.01 


0.3 


5 


8 






Se 


0.1 


0.1 


— 


0.1 


— 


2 




Cheaical 


Te 


— 


0.1 


— 


0.1 


1 


— 




Composition 


Ca 


— 


0.4 


— 


0.1 


2 


1 


15 


<wt*) 


Ai 


6 


6 


— 


6 


4 


10 






V 


4 - 


4 


— 


4 


22 


20 






Sn 


— 


* — z~ 


— 




3 


- — 






Co 


— 


— 


— 




! — 


— 


20 




Cu 


— 


— 


— 


— ; 


— 


— 






Ta 


— 


. — 




— . 


— 


— 






Mn 












— 


25 




Hf 



















H 


— 


— 


— 


— 


— 


— 






Si 


— E — 
















Hb 














30 




Zr 
















MO 


— 


— 


— 


— . 


— 


— 






0 


















Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


35 


Manufacturing 
Method for Pipe 


Extruding 


Extruding 


TIG Welding 


Extruding 


Extruding 

- 


Extruding 




t/D 


0.2 


0.005 


0.01 


0.1 


* 0.2 1 -' rL 


0.3 


40 


Joining Method 


TIG Welding 


TIG Welding 


TIG Welding 


Friction 
Welding 


Friction 
Welding 


Diffusion 
Welding 




Joint Strength 
Ratio 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


45 


Location of 
Fracture in 
Bending Test Piece 


Fused line 


Fused line 


No Fracture 


Ho Fracture 


Ho Fracture 


No Fracture 




Evaluation 


A 


A 


O ' 


- O ... 


O 


O 



50 



55 
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Table 28 





No. 


134. 


135 


136 




Distinction 


Inventive 
Example' 


Comparative 
Example 


Comparative 
Example 




Chemical 


S 




5 


15 


,„„ 


Composition 


REM 


7 . 


7 


15 


10 




Se 


2 


2 


- 


- 




Te 


1 


1 


- 


- 




Ca 


3 


3 


- 






Al 


4 


4 


6 




j A** 


V 


22 


22 


4 c 






_i Sn 


4 _ " 


• 4 




1 

i 




Co. 


- 


- 








Cu 




- 








Ta 




- 








Mn 




- 








Hf 




- 








W 


_ 










Si 













Nb 








30 *'"'.' 




Zr , 


- 


- 






, ... 


;Mo 


■- 


* 








j o 


• 


■ 




35 \ " 




: Ti 


Bal. 


Bal. 


Bal. 




Manufacturing Method 


Extruding 


Extruding. 


Extruding 




for Pipe 












t/D 


0.4 


0.45 


0.2 


40 


Joining Method 


Diffusion 
Welding 


Diffusion 
Welding 


Diffusion 
Welding 




Joint Strength Ratio - 


1,0 


- J .0 _ 


1.0 




Location of Fracture in 


No Fracture 


Joint Face 


Joint Face 


45 * ' 


Bending Test Piece 










Evaluation 


O 


X 


X 



so 



55 



EYamples137~ 145 



Titanium alloy blocks (1 00 mm in diameter) having compositions shown in Table 29 and Table 30 were coated with 
vitreous lubricants on the surfaces thereof and subjected to hot-extruding at a temperature between 880 and 1250 C 
using mandrels having various diameters to manufacture the titanium alloy pipes having various wall I ttucknesses. and 
the titanium alloy pipes were jointed with each other through TIG welding, friction welding and diffusion welding under 
the respective conditions as shown in Tables 1 to 3. The obtained joints were subjected to tensile test and bending test 
and evaluated by comparing with the specific valued of the respective titanium alloy base metals. The obtained results 
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Table 29 



Ho. 


137 


138 


139 


140 


141 ;> 


142 


Distinction 




Comparative 
Exanple 


Comparative 
Exanple 


Inventive 
Exanple 


■ Inventive 
Exaaple 


Inventive 
Exanple 


Inventive 
Exanple 


Chemical 

Composition 

(wt*) 


S 


0.01 


— 


0.01 


2 


5 


7 


REM 


0.01 


— 


0.01 


5 


7 


10 


Se 


— 


0.01 


— 


1 


2 


— 


Te 


— 


— 




1 


2 


3 


Ca 


— 


0.01 


— 


3 


2 





AX 


6 


6 


6 


4 


6 


10 


V 


4 


4 


4 


22 


4 


20 


Sn 


— 




— 








Co 




— 




... 






Cu 


— 


— 











Ta 


— 


— 












Nn 


— 


— 


— 


— 


— 


— 


Hf 














H 


— 


— 


— 










Si 


— E 


_ 


— 





— 


— 


Hb 














Zr 










— 




Ho 


— 


— 










0 
















Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Extruding 
Temperature (V ) 


880 


900 


900 


1050 


1100 


; 1100 

j 


t/D 


0.4 


0.5 


0.4 


0.4 


0.3 


) 0.2 


Joining Method 


TIG Welding 


TIG Welding 


TIG Welding 


Diffusion 
Welding 


Diffusion 
Welding 


Diffusion 
Welding 


Joint Strength 
Ratio 


0.95 


0.98 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture in 
Bending Test Piece 


Base Metal 


Fused line 


No Fracture 


No Fracture 


No Fracture 


Ho Fracture 


Evaluation 


X 


X 


O 


O 


O 


O 



so 
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Table 30 



No. 


1 *rO 


1 AA 
I "1 '1 




Distinction 


invenuve 
.^Example 


tive Example 


tive Example 


Chemical - 
Composi- 
tion (wt%) ' 


S 


. - 10 


10 


10 


REM 




10 


10 


Se 


_ 


_ 


5 




Te 


_ 


_ 


1 




Ca 


_ 


_ 


3 




Al 


10 


10 


8 




V 


20 


20 " \ 


10 




Sn 


_■ 







: 


Co 




_ 


_ 




Cu 










Ta 


_ 


_ 


_ 




Mn 






_ 




Hf 




_ 






W 


- 


- 


- 




Si 










Nb 










Zr 


- 


- 


- 




Mo 


- 


- 


- 




: O 








r 


Ti 


Bal. 


Bal. 


Bal. 


Extruding Tempera- 
ture (°C) 


1150 


1200 


1250 


t/D 


0.01 


0.01 


0.1 


Joining Method 


TIG Welding 


Friction 
Welding 


Friction 
Welding 


Joint Strength Ratio 


1.0 


1-0 


1,0 


Location of Fracture in 
Bending Test Piece 


No Fracture 


Joint Face 


Joint Face 


Evaluation 


O 


A 


A 



SO 



Examples 146-155 

Titanium alloy pipes with outer diameter of 100 mm, inner diameter of 80 mm and wall thickness of 10 mm were 
ss manufactured through hot-extruding at a temperature of 1 000 °C using titanium alloy blocks having compositions shown 
in Table 31 and Table 32, and the titanium alloy pipes were joined in a vacuum after inserting either alloy A (Ti - 40Zr - 
15Cu - 10Ni, melting point : 830 °C) or alloy B (Ti - 35Zr - 15Cu - 15Ni t melting point : 820 °C) in a form of evaporation 
layer, sheet or powder between joint faces of the respective alloy pipes. Subsequently, the obtained joints were sub- 
jected to tensile test and evaluated by comparing with the specific value of the respective alloy base metals. The results 
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are shown together in Tables 31 and 32. 

In this case, the evaporation layer (joint layer) or the sheet Qoint metal) were arranged as shown in FIG.1 . In FIG.1 , 
numerals 1 and 3 indicate the titanium alloy pipes, numeral 10 indicates the joint layer or the joint metal and numeral 1 1 
indicates the joint member. <v 

Additionally, high-frequency induction heating at 20 kHz was used for heating in a- vacuum, and the pipes were 
applied with welding pressure of 10 MPa after being held at joining temperature for 300 sec. 



Table 31 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



No. 


146 


147 


148 


149 


150 


151 : 


Distinction 


Comparative 
Example 


Comparative 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Inventive 
Example 


Composition 
(*t*) 


S 


— 


0.005 


0.1 


2 


5 


"""*■ 


REM 


— 


0.005 


0.1 


5 




4 


Se 


— 




- -* 


1 - - 


* 2- 


5 


Te 




— 


— 


■ 1- 


"2H 


5 


Ca 


— 


— 


— 


3 


2 


6 


Al 


6 


6 


6 


4 


6 


6 


V 


4 


4 


4 


22 


4 


4 


Sn 














Co 


— 


— 


— 


— 


— 


— 


Cu 


— 


— 


— 


— 


— 


— 


Ta 














Ha 




— 


— 


— 


' — 


— 


Hf 














H 


— 


— 


— 


— 




* — 


Si 














Kb 


— 


— 


— 


— 


— _ • 




Zr 












i 


tto 














0 














Ti 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Joint 
[oyer 
or 

fetal 


Alloy 


A 


A 


A 


B 


B 


A 


Thickness 
ivm) 


10 


20 


20 


30 


40 


50 


Arrangement 


FIG.1A 


FIG. IB 


FIG.1C 


FIG. ID 


FIG. IE 


FIG. IE 


Joining 

Temperature {V ) 


900 


800 


850 


950 


900 


930 


Joint Strength 
Ratio 


0.8* 


0.6 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture 


Base Metal 


Joint Face 


Base Metal 


Base Metal 


Base Metal 


Base Metal 


Evaluation 


X 


X 


O 


O 


O 


O 


Remarks 


**■ fractured from crack existing on the surface of pipe 
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Table 32 . . 



40 



No. 






1*v4 

1 \J*r 




Distinction 


Example 


• • INVcMUvC 

Example 


v/JI I IfJctlcllI VxS 

Example 


Example 


Chemical 

Composition 

(wt%) 

' 1 " P 

i 


S 




_ 


5 


_ 


REM 


4 


4 


10 


4 


Se 


5 


5 


5 


5 


Te 


5 


5 


5 


5 


Ca 


6 


6 


5 


10 


Al 


6 


6 


6 


6 


...Y f 


.;..4. r . . 


4 


4 - 


4. 


- Sn T 


^ ^ _ „.™-.| 


_ .. 






Co 






_ 




Cu 




_ 


_ 


_ 


Ta 








_ 


Mn 






_ 


• 


Hf 










W 




_ 


_ 




Si 




- 


- 




Nb 










Zr 




- 


- 




Mo 


- 


- 


- 


- 


o 


- 


- 


- 




Ti 


Bat. 


Bal. 


Bal. 


Bal. 


Joint Layer 
or Metal 


Alloy 


A 


B 


B 


A 


Thick- 
ness (fim) 


1 


100 


20 


0.5 


Arrange- 
ment 


FIG.1B 


FIG.1A 


FIG.1A 


FIG.1A 


Joining Temperature (°C) 


840 


940 


900 


900 


Joint Strength Ratio 


1.0 


1.0 


0.8 


0.8 


Location of Fracture 


Base Metal 


Base Metal 


Joint Face 


Joint Face 


Evaluation 


o „ . 


o . 


X 


X 



Examples 156 ^ 161 

Titanium alloy pipes with outer diameter of 100 mm, inner diameter of 80 mm and wall thickness of 10 mm were 
55 manufactured through hot-extruding at a temperature of 1 000 °C using titanium alloy blocks having compositions shown 
in Table 33. The titanium alloy pipes were formed with joint layers with compositions shown in the table on the joint faces 
of the respective pipes, and joined with each other at different temperatures. Subsequently, the obtained joints were 
subjected to tensile test and evaluated by comparing with the specific value of the respective alloy base metals. The 
results are shown together in Table 33. 
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In this case, the pipes were applied with welding pressure of 10 MPa after bang held at joining temperature for 300 
sec in a vacuum. 

Table 33 

5 7 



10 



15 



25 



Bo. 


156 


157 


158 


*i59 


160 


161 


Distinction 


Comparative 
Example 


Inventive 
Example 


Inventive 
Exanple 


Inventive 
Example 


Inventive 
Example 


Comparative 
Example 


Base Metal 


Ho. 148 


No. 148 


No. 150 


Ho. 151 


Ho. 153 


Ho. 154 


Composition 
of 

Joint Layer 


Ti 


30 


20 


35 


35 


50 


50 


Zr 


10 


20 


35 


35 


40 


45 


Cu 


50 


59 


15 


15 


9 


5 


Hi 


10 


1 - 


15 


15 


1 


0 


Thickness ( u ») 


5 


5 


10 


10 


20 


20 


Melting Point PC) 


730 


780 


820 


... 820 


. 1Q30„ 


loso 


Arrangement 


FIG. IB 


FIG. IB 


FIG.1C 


FIG.1C 


FIG. ID 


FIG.1B ^ * 


Joining 

Temperature (^C ) 


900 


900 


900 


900 


1100 


1100 


Joint Strength 
Ratio 


0.6 


1.0 


1.0 


1.0 


1.0 


0.8 


Location of 
Fracture 


Joint Face 


Base Metal 


Base Metal 


Base Metal 


Base Metal 


Joint Face 


Evaluation 


X 


O 


O 


O 


O 


X 



Examples 162 ~ 167 

Titanium alloy pipes with outer diameter of 100 mm, inner diameter of 80 mm and wall thickness of 10 mm . were ' = 
manufactured through hot-extruding at a temperature of 1000 °C using titanium alloy blocks having compositions shown 
in Table 34. The titanium alloy pipes were formed with joint layers shown, in the table on the joint faces of the respective 
pipes and joined with each other by high-frequency induction heating of different frequencies. The obtained joint were 
40 subjected to tensile tent and evaluated by comparing with the specific value of the respective titanium alloy base metals. 
The results are shown together in Table 34. 

In this case, the pipes were applied with welding pressure of 1 0 MPa after being held at joining temperature for 300 
sec in a vacuum. 



so 
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Table 34 



5 


No. 


162 


163 


164 


165 


166 


167 




Distinction 


Comparative 


Comparative 


Inventive 


Inventive 


Inventive 


Inventive 








Example 


Exaaple ' 


Exaaple 


Example 


Exaaple 


Exaaple 




Base Metal 


No. 147. 


No. 148 


No. 149 


No. 150 


No. 151 


No. 153 


10 


Joint 


Composition 


~Ro. 157. 


Ho. 157 


Ho. 157 


No. 158 


No. 159 


No. 160 




Layer 


Thickness 


5 


5 


10 


15 


20 


30 




















15 




Arrangement 


FIG.1A 


FIG.1A 


FIG. IB 


FIG.1C 


FIG. IB 


FIG. IE 


Frequency (kHz) 


400 


400. 


200 


100 


25 


3 




Joining 


900 


900 


900 


900 


900 


1100 




Teaperature (*C )" 














20 


Joiiit " Slxengtn 


0.8 


'■ 019 


1.0 


1.0 


1.0 


1.0 


Ratio 


















Location of 


Joint Face 


Joint Face 


Base Metal 


Base Metal 


Base Metal 


Base Metal 




Fracture " . 














25 


Evaluation 


X 


X 


O 


O 


O 


O 



30 Examples 168-173 

Titanium alloy pipes with outer diameter of 100 mm, inner diameter of 80 mm and wall thickness of 10 mm were 
manufactured through hot-extruding at a temperature of 1 000 °C using titanium alloy blocks having compositions shown 
in Table 35. The titanium alloy pipes were joined with each other changing the joining atmosphere, and the obtained 
35 joints were subjected to tensile test and evaluated by comparing with specific value of the respective titanium alloy base 
metalSr The results are shown together in Table 35. 

In this case, the pipes were heated for 300 sec. through high-frequency induction heating at frequency of 20 kHz 
and applied with welding pressure of .10 MPa. 
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Table 35 



5 



10 



15 



20 



25 



30 



Ho. 


168 


169 


170 


~ * 171 


172 ' 


173 s 


Distinction 


Comparative 
Example 


Inventive 
Example 


Inventive 
Exanple 


Inventive 
Exanple 


l&venxiYt? 
Exanple 


Exasple 


Base Metal 


No. 148 


Ho. 148 


Ho. 149 


Ho. 150 


Ho. 151 


Ho. 153 


Joint 
Layer 


Coopositioc 


Ko. 157 


Ho. 157 


Ho. 158 


Ho. 159 


No. 160 


HO. 13 1 


Thickness 
(*») 


10 


10 


20 


20 


20 


20 


Arrangeaent 


FIG. IB 


FIG. IB 


FIG.1C 


FIG. ID 


FIG. IE 


FIG. IE 


Joini 
Teaoe 


Tature (XI) 


900 


900 


900 


onn 


1100 


900 


Atmosphere 


gas 


Ar 


At . 1 ~ . 


. -1 ... He i 


- Vacuun 


- AT j 


At 


0 2 

(vol*) 


n 1 


0.01 


0.005 




0.005 


, ; lO;oi^ { 


H 3 

(vol SO 


0.1 


0.01 


0.01 




0.005 


0.10 


Joint Stre 
Ratio 


ngth 


0.9 


1.0 


1.0 


1.0 


1.0 


0.9 


Location of 
Fracture 


Joint Face 


Base Metal 


Base Metal 


Base Metal 


Base Metal 


Joint Face. 


Evaluation 


X 


O 


O 


O 


, o 


X 



35 Samples 174-178 „ . ^ ., !r , : ^ , 

Titanium alloy pipes with outer diameter of 100 mm, inner diameter of 80 mm and wall thicfchess of 10 mm were 
manufactured through hot-extruding at a temperature of 1 000 °C using titanium alloy blocks having compositions shown 
in Table 36 The titanium alloy pipes were jointed with each other under the similar conditions-shown in Table 35 after 
40 forming inclined planes at ends of the respective pipes. Subsequently, the welded joints were subjected to tensile test 
and evaluated by comparing with the specific value of the respective titanium alloy base metals. The results are shown 
together in Table 36. ■ * 

Additionally, in FIG. 2, numerals 1 and 3 indicate the titanium alloy pipes, numeral 1 0 indicates the joint layer or joint 

metal, and numeral 1 1 indicates the joint member. 

45 ■• 



so 
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Table 36 



No.- - 


174 


175 


176 


177 


178 


Distinction 


Inventive 
Example 


Inventive 
Example , 


Inventive 
Example 


Inventive 
Example 


Inventive 
Examole 


Combination ! 
of Joining Con- 
unions , 


; No; 169 


No; 169 


No. 170 


No. 171 


No. 172 


Arrangement 


FIG.1A 


FIG.2A 


FIG.2B 


FIG.2C 


FIG.2D 


Joint Strength 
Ratio 


1.0 


1.0 


1.0 


1.0 


1.0 


Location of 
Fracture 


Ease Metal 


Base Metal 


Base Metal 


Base Metal 


Base Metal 


Bending Test 






T ® 


;;• ® : 


® 


Evaluation : 








® 


® 



An example of the joining apparatus for execution of this invention is shown in FIG.3. 

In the joining, apparatus shown in FIG.3, numerals 1 and 3 are the titanium alloy pipes, numerals 2 and 4 are fixed 

25 and movable chucks as a pressing means, numeral 5 is an induction coil as a heating means, numeral 6 is a radiation 
thermometer as a temperature measuring means, numeral 7 is a pressure gauge as a pressure measuring means and 
numeral 8 is a controller as a control means. ~ 

As mentioned above, in the titanium alloy or the titanium alloy pipe according to this invention, which contains one 
or more of 0.01 to 10 wt% of S, 0.01 to 10 wt% of Se and 0.01 to 10 wt% of Te within a range of not exceeding 10 wt% 

30 in the total sum of S ( Se and Te, and one. or both of 0.01 to 10 wt% of REM and 0.01 to 10 wt% of Ca within a range of 
not exceeding 10 wt% in the total sum of REM and Ca, an excellent effect can be obtained since the coarsening of the 
crystal grain at a temperature higher than a-p transition temperature is inhibited and it is possible to prevent the 
mechanical properties from the deterioration caused by welding or hot-extrusion. The titanium alloy or the titanium alloy 
pipe according to this invention can be improved in the strength by further containing one or more of Al, V, Sn, Co, Cu, 

35 Ta, Mn, Hf, W, Si, Nb, 2r, Mo and O in the predetermined range. 

In the method for producing the titanium alloy pipe according to this invention, the titanium alloy material having the 
aforementioned chemical composition is extruded into a seamless tubular shape. Therefore, wastage of the extruding 
die can be reduced and it is possible to provide titanium alloy pipes having good surface quality and excellent in the flat- 
tening test property and possible to especially provide thick-walled titanium alloy pipes applicable to the large-sized 

40 structures. 

In an embodiment of the method for producing the titanium alloy pipe according to this invention, it is possible to 
produce the thick-walled titanium alloy pipes without applying excessive pressure by extruding the titanium alloy mate- 
rial into the tubular shape so that the ratio (t/D) of thickness (t) to outer diameter (D) of the pipe may be in a range of 
- 0.01 to 0.4 Further in the other embodiment of the method for producing the titanium alloy pipe according to this inven- 
4$ tion, it is posstole to reduce deformation resistance at the time of hot-extruding and possible to produce the seamless 
titanium alloy pipes without coarsening of crystal grain by extruding the titanium alloy material at a temperature range 
of 900°Cto 1150 °C. 

In the joined tubular body according to this invention and formed by joining the titanium alloy pipes having the afore- 
mentioned chemical compositions with each other, it is possible to improve the quality of the welded joint even in the 
so welding at the job site, and possible to provide large-scaled and thick-walled joined tubular bodies applicable to the 
large-sized structures. 

In the method for producing the joined tubular body according to this invention, and comprising the steps of forming 
the joint layer of which melting point (M,) is lower than melting point (M M ) of titanium alloy pipes to be joined on one or 
both joint faces of the pipes, and/or inserting the joint metal or the joint member between the joint faces, the joint metal 
55 having melting point (Mj) lower than melting point (M M ) of the pipes and the joint member being previously formed with 
joint layers of which melting point (M,) is lower than melting point (M M ) of the pipes on both ends thereof, and joining 
the pipes by heating the pipes at a temperature (T) higher than (M,) and lower than (M M ) and holding the pipes at the 
temperature (T) for a predetermined period at the same time of applying pressure on the joint faces of the pipes, it is 
possible to join the pipes securely with each other even in the welding at the job site, and possible to produce the joined 
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10 



15 



20 



tubular body applicable to the large-sized structure. r . [t . , ; kS 

Claims 

1 . An titanium alloy consisting essentially by weight percentage of not nr,ore tan ,10 % in ^Lsurn °f f****^ 
ment selected from 0.01 to 10 % of S, 0.01 to 10 % of Se and 0.01 to 10 % of Te. not moreJto 10 % m total sum 
of one or both of 0.01 to 10 % of REM and 0.01 to 10 % of Ca. and the remainder being substantially Ti. 

2 A titanium alloy consisting essentially by weight percentage of not more than 10 % in total sum of at 'east one ele- 
meTsS irorTo 01 to 10 % of S. 0 01 to 10 % of Se and 0.01 to 10 % of Te. not more than 10 % in ptal sum 
S o^e tlofh o? 0 01 to 10 % of REM and 0.01 to 10 % of Ca. not more than 30 % in total sum of at least one 
element se^2 from not more than 1 0 % of Al. not more than 25 % of V. not more than 1 5 % of Sn. not more than 
? 0 nco^rmorethan 10%of Cu. not more than 15%of Ta. not more than 10 % of Mn. "^^10% 
of W not more than 1 0 % of W. not more *a^ 

more than 1 5 % of Mo and not more than 0.1 % of O. and the remainder being substantially Ti. 

3. A titanium alloy pipe characterized by bejrig formed of the alloy according to claim 1 . . .. , . 

4. A titanium alloy pipe characterized by being formed of the alloy according to claim.2. ... ,, ■ ; v; q s 

5. A titanium alloy pipe as set forth in claim 3 or 4, wherein said pipe is seamless. 

6. A titanium alloy pipe as set forth in claim 3. 4 or 5. wherein a ratio (t/D) of thickness (t) to outer diameter (D) of the 
pipe is not less than 0.01 and not more than 0.40. 



25 



30 



35 



40 



45 



SO 



7 A method for producing the titanium alloy pipe according to claim 5. characterized by extruding a titanium alloy 
material having the composition according to claim 1 or 2 into a seamless tubular shape. 

8. A method for producing the titanium alloy pipe as set forth in claim 7. wherein ^. IJ^^^^ 
extruded into the tubular shape of which ratio (t/D) of thickness (t) to outer d.ameter (D) is not less than 0.01 and 
not more than 0.40. 

9. A method for producing the titanium alloy pipe as set forth in claim 7 or 8. wherein said titanium alloy material is 
extruded at a temperature not lower than 900 °C and not higher than 1 150 'C. . 

10. A method for producing the titanium alloy pipe as set forth in claim 9. wherein said titanium alloy matenal is 
extruded using a vitreous lubricant. '" , "-• '• 

11. A joined tubular body characterized in that titanium alloy pipes according to claim 3 are joined with each other. 

1 2. A joined tubular body characterized in that the titanium alloy pipes according to claim 4 are joined with each other. 

1 3. A joined tubular body characterized in that the titanium alloy pipes according to claim 3 and daim 4 are joined with 
each other. 

14. A joined tubular Dody as set torth in claim 

1 5. A joined tubular body as set forth in any one of claims 1 1 to 14. wherein a ratio (t/D) of thickness (t) to outer diam- 
eter (D) of each of pipes is not less than 0.01 and not more than 0.40. 

16. A method for producing the joined tubular body according to 'any one of claims 11 to 15 which comprises the steps 



of 



55 



forming a joint layer of which melting point (M|) is lower than melting point (Mm) of the trtaroum alloy pipes to be 
joined with each other on one or both of joint faces of said titanium alloy, pipes ; and • • _ 

joining the titanium alloy pipes with each other by heating said pipes at a temperature C0J h.gher than m and 
lower than (M M ) and holding said pipes at the temperature (T) for a predetermmed penod at the same time of 
applying pressure on said joint faces of the titanium alloy pipes to be jointed wrth each other. 
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1 7. A method for producing the joined tubular body according to any one of claims 1 1 to 1 5 t which comprises the steps 

of: 

inserting a joint metal of which melting point (M|) is lower than melting point (Mm) of the titanium alloy pipes to 
s * be joinecj I with each other between joint facefs of said titanium alloy pipes ; and 

"* "joining the titahium alloy "pipes with each other by heating said pipes at a temperature (T) higher than (M,) and 
lower than (Mm) "and holding said pipes at the temperature (T) for a predetermined period at the same time of 
applying pressure on said joint faces of the titanium alloy pipes to be joined with each other. 

w 1 8. A method for producing the joined tubular body according to any one of claims 1 1 to 1 5, which comprises the steps 

of: ' 

forming a joint layer of which melting point (M|) is lower than melting point (M M ) of the titanium alloy pipes to be 
joined with each other on one or both of joiht faces of said titanium alloy pipes ; 
75 inserting a joint metal of which melting point (Mj) is lower than melting point (M^ of the titanium alloy pipes to 

be joined with each other between said joint faces of the titanium alloy pipes ; and 

joining the titanium alloy pipes with each other by heating said pipes at a temperature (T) higher than (M|) and 
lower than (M M ) and holding said pipes at the temperature (T) f or a predetermined period at the same time of 
applying pressure on said'jdirif faces of the titanium alloy pipes to be joined with each other. 

20 

1 9. A method for producing the joined tubular body according to any one of claims 1 1 to 1 5, which comprises the steps 

of : 

inserting a joint member between joint faces of the titanium alloy pipes to be joined with each other, said joint 
25 member being previously formed with joint layers of which melting point (M,) is lower than melting point (M M ) 

of said titanium alloy pipes on both end faces thereof ; and 

joining the titanium alloy pipes with each other by heating said pipes at a temperature (T) higher than (M,) and 
lower than (M M ) and holding said pipes at the temperature (T) for a predetermined period at the same time of 
applying pressure on said joint feces of the titanium alloy pipes to be joined with each other. 

30 ■ • ' ' ' * 

20. A method for producing the joined tubular body as set forth in claim 1 7 or 18, wherein said joint metal has a thick- 
ness of not less than 1 urn and more than 100 Jim. 

21 . A method for producing the joined tubular body as set forth in claim 1 6, 1 8 or 1 9 wherein said joint layer has a thick- 
35 ness of not less than 1 fim and not more than 100 \im. 

22. A method for producing the joined tubular body as set forth in claim 17, 18 or 20, wherein said joint metal consists 
essentially of Ti, 2r t Cu and Ni with the proviso that Ti and Zr are not less than 20 wt% respectively, the total sum 
of Ti and Zr is not less than 40 wt% and not more than 90 wt%, and the total sum of Cu and Ni is not less than 10 

40 wt% and not more than 60 wt%. 

23. A method for producing the joined tubular body as set forth in claim 1 6, 1 8, 19 or 21 , wherein said joint layer con- 
^_ sists essentially of Ti, Zr, Cu and Ni with the proviso that Ti and Zr are not less than 20 wt% respectively, the total 

sum of Ti and Zr is not less than 40 wt% and not more than 90 wt%, and the total sum of Cu and Ni is not less than 
45 10 wt% and not more than 60 wt%. 

24. A method for producing the joined tubular body as set forth in any one of claims 16 to 23, wherein said pipes are 
heated at the temperature (T) through high-frequency induction heating in a frequency not higher than 200 kHz. 

so 25. A method for producing the joined tubular body as set forth in any one of claims 16 to 24, wherein said pipes are 
joined by heating and holding the pipes at the temperature (T) in a vacuum or an inert gas of which oxygen content 
and nitrogen content are not higher than 0.01 % in volume, respectively. 

26. A method for producing the joined tubular body as set forth in any one of claims 16 to 25. wherein said pipes are 
55 joined in a state where the joint faces of the pipes are inclined. 

27. A method for producing the joined tubular body as set forth in any one of claims 16 to 26, wherein said pipes are 
joined by using a joining apparatus provided with a heating means for heating the joint feces of said titanium alloy 
pipes, a temperature measuring means for measuring a temperature at the joint feces of said pipes, a pressing 
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means for applying pressure on the joint feces of said pipes, a pressure measuring means for measuring the pres- 
sure applied on the joint faces of said pipes and a control means for controlling said respective means. 
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FIG.2D 
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